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Increasing of electronic thermal conductivity of superconductor in the model with nontrivial den- 
sity of states was considered. The electronic thermal conductivity Mi{T) of SC in the presence of 
external magnetic field was investigated. It was shown that if symmetrical part of quasiparticle 
scattering rate less than cyclotron energy observed mechanism of increasing k(T) can be separated 
from connected with symmetrical electronic scattering effects another one. 



Introduction. There are several ways to provide the nature of thermal conductivity peak at temperature below Tc 
in HTSC |,|. 

Connected with temperature dependence of phonon mean free path increasing of lattice thermal conductivity was 
theoretically predicted in papers ^ . Later this approach was applied to explain the thermal properties of HTSC [|j . 
But measurements of highly anysotropic thermal current give evidence that such method cannot be exhaustive. 

Scattering of electrons by nonmagnetic impurities in anysotropic heavy fermions SC ||^ and inelastic scattering of 
electrons by antiferromagnetic spin fluctuations were taken into account to understand the existence of thermal 
conductivity peak. 

In present paper the possible experimental evidence of not connected with scattering effects mechanisms creating 
of thermal conductivity peak is investigated. As the example of such mechanism can be considered increasing of 
electronic thermal conductivity of superconductor in the model with nontrivial density of states |^ . 

Thermal conductivity. The electronic part of thermal conductivity can be derived by kinetic equation for density 
matrix in nonequilibrium technique of Green-Keldysh functions. It can be shown that the charge current 

liRiT) - (r7,(p))p(^Ai - Vrx{R)) - {Vp)pVrT (1) 

and thermal current 

qfl(T) = (Cpa,(p))p(^A^ - VRxiR)) - {CpVp)p^rT (2) 

in superconductor, where Aj^ - vector-potential of electromagnetic field, - order parameters phase. 

Under the condition 

jfl(r) = (3) 

one can obtain from Eqs.(l,2) 

qniT) = -n{T)VRT, (4) 

where 

= {iprip)p - {Vp)p^^rrT^ (5) 

is the thermal conductivity coefficient. 

Eq.(5) without the second term is the Wiedemann- Franz law. Coefficient (Cp^p}p corresponds to quasiparticle 
current from hot edge of superconductor to cold edge. 

To influence to the kinetic properties of SC it is possible to consider superconductor with nontrivial DOS function: 

Ne=^^ + l^'' % ^^^f^^-^ (6) 

1 ^^2, »/ 63 < Cfc < 64; 
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which is consists of narrow peak A''! not far from ep with center on eo and the wide one N2- The assumption 
ei — n{Tc) < will be taken into account, d—wave symmetry of order parameter is suggested by the A(fc) = A cos(20) 
, where - angle from X — axes in Brilluoin zone. Parameters of the model can be chosen to provide the condition 
/i(0) — niTc) ~ Tc- Then it is possible to obtain the peak of electronic thermal conductivity at T* ~ |eo — /x| < Tc. 
At this temperature given the main contribution to the thermal conductivity electron-hole excitations have energy 
~eo-M(r,A). 

The back current of condensate is taken into account by the second term Eq.(5). Consideration of this term in 
linear approximation could be incorrect at temperatures near Tc because of the infinity of Vs = {^,A± — ^RxiR)) 
under the conditions Eq.(3). 

Lets consider the case of electronic conductivity > 0, where Jp is the integral over the isoenergy surface 
in fc-space near ep. If the DOS has the narrow peak then moving of /^(T) leads to decreasing of thermoelectric 
coefficient (i])^ at temperature T* ^ \eQ — n{T*)\ in accordance with increasing of hole excitations with energy ~ T*. 
The same cause can decreases condensate carried heat flow {^pO's)p can at the temperature ~ T* Therefore besides 

the coefficient (ry)^ ^^^Jlf'' is always positive the relative value of thermal conductivity peak increases with 

comparison to Wiedemann-Franz low derived one. Described mechanism leading to the peak of thermal conductivity 
could be suppressed by exponential decreasing of quasiparticle quantity in SC with isotropic or had not nods order 
parameter. 

In the case of the hole conductivity < 0^ the condensate current decreases peak of electronics thermal con- 

ductivity derived by Wiedemann-Franz low for chosen DOS . 



Leduc-Righi effect. The experimental evidence of electronic nature of thermal conductivity peak could be Leduc- 
Righi effect In SC in external magnetic field B _L V rT (mixed state) an additional thermal current occurs. In 
this case charge current: 



=< (^s >|| vs- < T] >|| \IrT+ < as >± [b X Vs] - < 77 >^ [b x VrT] 

and thermal current: 

cLniT) =< ^as >\\ vs- < >|| VflT-H < ^cts >± [b x vs] - < ,^77 >_l [b x VrT] , 

where b = ^. 



(7) 



(8) 



Eq.(7) under condition Eq.(3) gives formula for condensate velocity: 

f <')p>p|| I <r]p>p± <g-a(p)>pj_ \ f <rip>p± 

_ l<cr4p)>p|| <'Ts(p)>p|| <'^4p)>p|| J „ „ , \<<y3 
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\ <<ysip)>p\\ J 



-VrT 



S{P)>V 



<np>p\\ < 

<'^sip)>p\\ < 



'7s{p)>p± \ 

;'^=(p)>pii J 



f <vp>p± y 

\^ <CT,(p)>p|| J 



[b X VrT] 



(9) 



. <<^3{P)>PI\ 

From Eqs.(8,9) it is easy to derive foUowings expressions for thermal current and thermal conductivity coefhcients: 



q = - i < >|| - 



< jcrs >|| 

< o-s >|| 



<V>\\} ^rT - \ <(,ri>^- 



< ^^5 >|| 

< CTs >|| 



< >x Mb X VrT] 



< ^crs >± — ^ < crs >_ 

< C^s > II 



<V>\\ 



[h X VrT] = -k^VrT - k_l [b X VrT] . 



< crs >|| 

To derive coefficients K||, k_l the kinetic equation for SC in external magnetic field B can be used: 
d ^ 1 



(10) 
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(11) 



where po - equilibrium density matrix, Sp - nonequilibrium correction to pQ, ep=e {p ± ^Af) - energy matrix, - 
relaxation energy matrix. A/ - vector potential of electromagnetic field in SC. The solution of Eq.(ll) gives kinetic 
coefficients P,p^: 
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^^^^^^ - i 3m(27r?.)3^;| + ^;i(^P - ^) 5T 

^^^'^^^^^ = J 3M^^4T^^^' " df ^) 

where relaxation rate Vp = i^o + v±. vq corresponds to the symmetrical scattering of electrons, v± — vp^yy^^B] 
oy is effective temperature dependent transport cross-section, correspondent to asymmetric scattering from vortices. 



G(a -..T) ^ 1 - 1 ^ ^---^ X tanh ' A^)- + ^(T)^ 



Fi^.-,,T) = ^ ^ ^(^) X tanh KE^1!±S)! 

2V(a-M)^ + A(T)2 I, 2T 

are integrated over frequency ui Green-Keldysh functions G ^, F ^. 
Correspondent superconducting kinetics coefficients: 



{'^s{p))p\\ = — [ 

" m J 



5i^(^p-M,r,A(T,p)) 



A(r,p) (13 a) 



1 r d^p , 2(c-M)(4(e-/^)^ + ^h^i) 

dF(f„~ n,T,A(T,p)) ^ , 
X — — -^^MT,p) (13 b) 

{as{p))p± - - / . .3 P -2 

X ^^(ep-.,^.A(T,,))^ 

-^A{T,p) (13 d) 



In paper ||Tl| foUowing equations for relaxation rates were used |jT^: — + VFCtr^^^B, vi_ = vf<Jv^^b- Here 
is suggested that vp ^ 10^to/c, fit,- ~ 10~*m, ~ 10~^m, B ^ lOT. After this it is possible to rewrite in Leduc-Righi 
coefficient {£,prip)p± (assumption that ^ has the T-independent value is taken into account [pl| ): 
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_ i '•^^^^ 1 L:^ (14) 

^1 + vl_ v± v± v\ wl 

First term of right side Eq.(14) corresponds to asymmetric scattering of electrons from vortices (Lorenz force in 
normal state). Second term (^ ~ ~ 10~^) is connected with electronic scattering. Presented estimates shows 
that in pure SC -C 1) with short enough transport cross section utr it is possible to neglect in ks_ relaxation rate 
(and T-dependent Zq) in comparison to cyclotron energy ij)b{v^ ~ 1 10~^ x wb)- 



Conclusions. The temperature dependence of chemicals potential in the model with nontrivial DOS can leads to 
the peak of electronic thermal conductivity of superconductor. 

The possible experimental evidence of the observed mechanism creating of thermal conductivity peak could be 
connected with measurements of perpendicular to temperature gradient thermal current in magnetic field. 
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